Although work on the respiration of spermatozoa has been reported, investigators are not in agreement as to the significance of the oxidative processes, and the nature of the substances oxidized has not been established. Redenz (1) found that various carbohydrates promoted motility only if the sperm could produce lactic acid from them. He also showed that lactic acid had no influence on motility, but it greatly increased the respiration of spermatozoa in dialyzed serum (1). The lactic acid which accumulates in semen during storage does not account for all of the glucose that disappears (2, 3).
SPERM

METABOLISM
603
rated by Bloor's method (7) . Aliquots of this alcohol-ether extract were evaporated to dryness, wet ashed with HzSOd, the charring which accompanied the ashing cleared by the addition of a few drops of HNOS, and the inorganic phosphorus determined.
Oxygen uptake was measured in air at 37* in the Barcroft apparatus.
The center cups of the respiration flasks contained strips of porous filter paper saturated with 20 per cent KOH to absorb COZ. A 5 minute equilibration period was allowed before measurements were begun. RESULTS. The results in table 1 demonstrate clearly that when the spermatozoa were separated from the nutrients present in the seminal fluid motility was retained only under aerobic conditions. Added glucose Spermatozoa were centrifuged from the semen, washed by suspending in 0.9 per cent saline and after centrifuging again were suspended in sufficient Ringerphosphate buffer (pH = 6.8) to give a final volume twice that of the origina semen, Incubated at 37".
promoted motility anaerobically and prolonged it aerobically. Since spermatozoa in the Ringer-phosphate medium containing no sugar remain motile only in the presence of air, it seems that oxygen is required for the utilization of the intracellular reserves of the sperm cell.
The production of lactic acid from various sugars by spermatozoa from 2 different bulls is shown in table 2. Only those sugars which the spermatozoa could catabolize to lactic acid were effective in maintaining motility. Since washed spermatozoa have been shown to contain a small amount of glucose (8) , it is probable that this was the source of the small amount of lactic acid produced in the absence of added sugar. Undoubtedly the small amount of motility found initially under anaerobic conditions ( Typical results of changes in the phosphorus partition which occurred during storage are shown in table 3. The large decrease in lipid phosphorus was accompanied by an increase in the ester phosphorus fraction. These changes in the phosphorus partition occurred more rapidly at room temperature than refrigerator temperature.
If the semen sample was subjected to heat at 80°C. for 5 minutes prior to storage, changes in the lipid phosphorus did not occur. Figure I demonstrates that the decrease in lipid phosphorus occurred largely during the first 24 hours of storage and that it paralleled the degree of motility.
The decrease in lipid phosphorus Table 4 shows the effect of glucose on the respiration of spermatozoa. It is seen that the "endogenous" respiration is much greater than the respiration in the presence of glucose. The differences were greatest during the first part of the period, but the rate of oxygen consumption continued, for some time, to be greater in the absence of glucose. Thus glucose has a sparing action on the respiration of spermat#ozoa. This sparing action seems to depend on the previous treatment given the spermatozoa. Considerable decreases in oxygen consumption were obtained when glucose was added to fresh, rapidly respiring spermatozoa which had been centrifuged out of the seminal fluid and made up directly in Ringer-phosphate buffer. With certain samples washing lessened the sparing action of glucose on respiration, and occasionally, especially in old samples, glucose even increased the oxygen uptake above the "endogenous" rate. A plausible explanation is that in the older samples many of the intracellular reserves were already oxidized, and the addition of glucose yielded lactic acid, some of which was oxidatively removed. It seems that the oxygen uptake of bull spermatozoa can be the result of the oxidation of two types of substances: the intracellular reserves and, as shown by Redenz (I), the lactic acid produced by glycolysis. From our studies it is apparent that the endogenous respiration resulting from the oxidation of intracellular reserves is a source of energy for the main- tenance of motility in bull spermatozoa since in the absence of glycolyzable sugars motility is not retained under anaerobic conditions. The decrease in oxygen consumption obtained when glucose was added indicated that the sperm shifted to glycolytic mechanisms for some of their energy; however, the magnitude of the decrease is not a true criterion of the degree of the shift.
Even though the spermatozoa were obtaining all of their energy from glycolysis, a residual oxygen uptake would continue because of the oxidative removal of part of the lack acid produced. It must be remembered that the energy released by the oxidation of lactic acid is apparently nut available to the sperm for the maintenance of motility, for Redenz (1) found that added lactate increased the respiration but did not increase motility of sperm suspensions containing no sugar. Table 5 shows that there was very little decrease in the phospholipid content of spermatozoa when glucose was added to the suspension medium. This, together with the sparking action of glucose on respiration, is an indication of the preferential utilization of glycolytic mechanisms by spermatozoa as a means of obtaining energy.
DISCUSSION. It is apparent from these results that spermatozoa have the ability to utilize a variety of sugars including the disaccharide maltose. Semen was centrifuged, the spermatozoa made up to original volume with Ringerphosphate and incubated at room temperature.
Final glucose concentration was MM M, At present we cannot say whether the inability of sperm to utilize galactose and sucrose is the result of an impermeability of the sperm to these sugars or the lack of enzyme systems capable of utilizing them.
While the decrease in lipid phosphorus during storage certainly is not final evidence that phospholipids are being utilized by spermatozoa, the fact that the decrease may be lessened by adding glucose to the sperm suspension gives support to the probability that in the absence of glucose the spermatozoa are using intracellular phospholipids as a source of energy for motility.
The mechanism of this utilization is not known. A possible explanation is that the phospholipids are hydrolyzed, perhaps liberating most of the phosphorus as an acid soluble ester (table 3) and the fatty *acid portion may then be oxidized to obtain energy. The possibility that the decrease of phospholipid during storage is the result of enzymatic hydrolysis unrelated to anv metabolic needs of the sperm is lessened by the following considerations. U First, in the absence of sugars the quantity of phospholipid that disappears parallels the degree of motility of the sperma-PAUL H. PHILLIPS tozoa. Second, the disappearance of phospholipid can be lessened by adding glucose to the suspension medium. Finally, in the presence of glucose spermatozoa depend less on oxidative processes for their energy, Spermatozoa are not unique in showing a decrease of respiration in the presence of glucose. This phenomenon has been observed in certain tumors (9, 10, ll) , in lymph nodes of leukemic mice (12) and in bovine articular cartilage (13) .
The cause underlying the decrease of respiration in the presence of glucose has not been determined. Crabtree suggested that the glycolytic activity of tumors may act as a partial check on their respiratory powers. Rosenthal et al. (13) obtained the effect with both glucose and mannose but not with fructose which is not glycolyzed by cartilage. They offered the explanation that added glucose is oxidized slower than the cellular substances "the oxidation of which it replaces" (13) l On the basis of our results we offer the following explanat.ion. In spermatozoa the energy requirement for the maintenance of their vital activity can be obtained from the oxidation of intracellular substances or from glycolytic processes. When sugars are available to the spermatozoa the energy obtained from their breakdown to lactic acid lessens the demand on the oxidative processes. SUMMARY 1. In confirmation of the observation of Redenz it has been shown that, in a medium containing no sugar, spermatozoa remained motile only in the presence of air, indicating that oxygen was required for the utilization of the intracellular reserves . Added they could be catabolized to lactic acid sugars maintained motility only if by the spermatozoa. 2. During storage the phospholipid content of semen decreased. The decrease occurred also in sperm suspensions free of seminal fluids and here could be lessened by the addition of glucose. The decrease in phospholipids paralleled the oxidative utilization of intracellular reserves for the maintenance of motility.
3. The rate of respiration by spermatozoa in the presence of glucose was much less than the "endogenous" rate which indicated a preferential utilization of glycolytic mechanisms as a means of obtaining energy for motility.
From these studies it is concluded that phospholipids are the source of the intracellular reserve energy of bull spermatozoa, that this energy is obtained by oxidative processes, and that spermatozoa preferentially obtain the energy for motility from the glycolysis of glucose or other glycolyzable
